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[57) ABSTRACT

In a thermal overload protection system three system
variables are sensed and provide the inputs required for
a calculation conducted in real time at one second inter-
vals. The system variables include ambient inlet air
temperature to the alternator, alternator stator winding
embedded sensor temperature, and traction motor ar-
mature current. A traction motor current limit 1s calcu-
lated using the inlet air temperature and the sensor

temperature. The thermal overload is then controlled in
response to the traction motor current.

13 Claims, 2 Drawing Sheets
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THERMAL PROTECTION FOR LOCOMOTIVE
MAIN TRACTION ALTERNATORS

BACKGROUND OF THE INVENTION

The present invention relates to thermal overloads
and, more specifically, to thermal overload protection
for locomotive traction alternators.

It is well known in the art to provide overload pro-
tection for rotating electrical machinery. Existing meth-
odology employed relies on the use of stator winding
temperature sensors to proevide a signal for either alarm,
load reduction, or “trip” of the alternator, if tempera-
tures beyond a given limit are encountered. This would
usually be the result of some type of electrical overload.
The protective action function would be carried out by
either reducing the load manually or tripping the alter-
nator circuit breaker. |

Overload protection for rotating electrical machinery
is intended to provide a means of preventing excessive
overheating of the electrical winding insulation system.
The protection used has been similar for most types of
rotating electrical machines and the devices employed
typically fall into one of several categories. For exam-
ple, the device employed may be a time-delay overcur-
rent device or relay, a thermal relay or device operated
by machine electrical current, a temperature relay or
device operated by an embedded winding temperature
sensor or thermostat, or a combination of these devices.

The protection option chosen is usually to provide an
alarm to an operator, to disconnect or trip the alternator
from its load, or to permit short overload excursions
compatible with the inverse-time overload limit curve
of the machine. The use of embedded winding sensors is
currently the preferred method for thermal protection.
Most large machines usually employ Resistance Tem-
perature Detectors (RTD’s) embedded in the stator
windings for the purpose of directly sensing stator
winding temperatures. |

Unfortunately, locomotive traction alternators have
not typically been protected against damaging thermal
overloads due to the philosophy that permissible trac-
tion motor short-time rating limits will prevent alterna-
tor temperatures from reaching excessive levels. It 1s
seen then that there exists a need for a thermal protec-
tion control which provides a smooth and gradual re-
duction in the alternator electrical load. |

SUMMARY OF THE INVENTION

This need is met by the system according to the pres-
ent invention, which provides locomotive traction al-
ternator protection against thermal overloads. The in-
vention utilizes stator winding temperature information
obtained from an embedded sensor.

The present invention also provides for a thermal
overload protection control system and method for a
locomotive having an alternator supplying dc power
through a rectifier to a plurality of traction motors. The
system and method comprise sensing ambient inlet air
temperature to the alternator and providing a sensor
temperature. An individual traction motor current limit
is then calculated using the inlet air temperature and the
sensor temperature. Finally, thermal overload 1s con-
trolled in response to the traction motor current.

Accordingly, it is an object of the present invention
to provide thermal overload protection. It is a further
object to provide thermal overload protection automat-
ically, in a manner compatible with diesel engine load-
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2
ing requirements. These and other objects will become

apparent from a reading of the ensuing description to-
gether with the appended drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is an illustration of a conventional locomotive
utilizing the thermal overload protection system de-
scribed herein; and

FIG. 2 is a flow diagram of the thermal overload
protection system shown in FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to the drawings, in FIG. 1 there is
illustrated a diesel electric locomotive 10 controlled by
a thermal overload protection system 12 described
herein. Generally, the locomotive 10 is shown in this
particular example as having an engine 14 and a main
traction alternator 16. The main traction alternator 16
typically has a field excitation controlled by an on-
board microcomputer system 18 to maintain a constant
horsepower load on the engine 14 when the locomotive
10 is operating within its normal continuous rating per-
formance envelope. Regulating the alternator field exci-
tation varies the tractive effort delivered by traction
motors mounted on each axle on the locomotive trucks
20. The microcomputer system 18 controls the locomo-
tive 10 and may comprise one Or more microcomputers
for control and protection against damaging operating
conditions.. -

The locomotive propulsion system 14, traction alter-
nator 16, and traction motors (not shown), may be re-
quired to operate for short times beyond the continuous
ratings of its members. In this case, the traction alterna-
tor thermal overload protection system 12 continuously
calculates a limiting value for alternator load current, in
terms of traction motor current, and locomotive trac-
tive effort is automatically adjusted accordingly. The
objective is to prevent overheating of the alternator
winding insulation. The means, which may be any suit-
able means but is preferably a computer software pro-
gram, for performing this calculation is contained 1n the
microcomputer 18. |

It is to be understood that the thermal overload pro-
tection system 12 described herein may be used to ad-
vantage with any type of rotating electrical machinery.
The thermal protection overload system 12 1s illustrated
for use with the locomotive 10 for purposes of descrip-
tion only, and is not to be considered as limiting the
Invention.

Referring now to FIG. 2, and continuing with FI1G.
1, the thermal overload protection system 12 is shown
as a flow diagram of computational and measurement
steps represented as blocks. Each block herein describes
and operation or step performed by the thermal protec-
tion system 12. It is noted that the operations may also
be performed by discrete components wherein each
block comprises an array of circuits.

The block diagram of FIG. 2 illustrates a method of
providing thermal overload protection for rotating
electrical machinery and is intended to provide a means
of preventing excessive overheating in a manner com-
patible with diesel engine loading requirements. There
is no occurrence of abrupt change or sudden loss of
locomotive tractive effort during the execution of the
steps illustrated in the flow diagram of FIG. 2.
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In the flow diagram 12 of FIG. 2, three system vari-
ables are sensed and provide the only inputs required
for the method of providing thermal overload protec-
tion, which 1s typically conducted in real time at one
second intervals. The required system variables include
ambient inlet air temperature to the locomotive traction
alternator, alternator stator winding embedded temper-
ature sensor, and traction motor armature current. The
temperature sensor reading 1s converted via a look-up
table to a temperature 1n degrees Celsius. The resultant
sensor temperature and the sensed value of the ambient
alr temperature are used to calculate a traction motor
current limit which is then compared to the existing
current value. If the limit 1s exceeded, the alternator
field current 1s adjusted such that the sensed traction
motor current is equal to the calculated limit. The trac-
tion motor current and the traction alternator current
are linearly and directly related, in that the alternator
current limit is equal to the traction motor current limit
multiplied by the number of traction motors per loco-
motive. The traction motor current is sensed for pur-
poses of convenience. It is the traction alternator cur-
rent which 1s to be regulated.

The flow diagram 12 begins at block 22, where the
winding sensor is read, and continues to block 24 to
determine the winding sensor temperature. If the wind-
ing sensor temperature is determined at decision block
26 to be less than or equal to a preset winding sensor
temperature flag, T, the program 12 goes to block 28
and 1s repeated. If the winding sensor temperature is
determined at decision block 26 to be greater than the
temperature limit, then the ambient temperature is read
at block 30.

The program 12 then continues to block 32 where the
traction motor current limit is calculated, before pro-
ceeding to block 34 where the sensed traction motor
current 1s read. At decision block 36, if it is determined
that the sensed traction motor current is less than or
equal to the calculated traction motor current limit
from block 32, the program 12 proceeds directly to the
continue block 28 to be repeated. If the sensed traction
motor current is determined at decision block 36 to be
greater than the calculated traction motor current limit
from block 32, the program 12 equalizes the sensed
traction motor current and the calculated traction
motor current limit at block 38.

If 1t 1s determined at decision block 40 that the sensed
traction motor current, now equal to the calculated
traction motor current limit, is greater than or equal to
the continuous traction motor current rating, the pro-
gram proceeds to block 28 and is repeated. If it 1s deter-
mined at decision block 40 that the sensed traction
motor current, now equal to the calculated traction
motor current himit, is less than the continuous traction
motor current rating, the program proceeds to block 42
to equalize the continuous traction motor current and
the calculated traction motor current limit. The pro-
gram then proceeds to block 28, where it is continued.

Continuing with FIG. 2, the traction motor current
limit (LIMIT) is calculated by the thermal overload
protection system according to the following, Equation

(1):

LIMIT=K1—-K2*((T—TAY/TCORR+TA)
where
LIMIT =Traction Motor Current Limit
K1=Constant Related to Maximum Permissible Wind-
imng Temperature (K1=1I1ss/NTM -+ K2*Ths)
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4
Iss=Steady State Alternator Current Corresponding to

Ths |
NTM =Number of Traction Motors per Locomotive
Ths=Maximum Permissible Stator Winding Hot Spot

Temperature
K2 =Constant Related to Time Rate of Load Reduction
T=Stator Winding Sensor Temperature
TA =Alternator Ambient Air Temperature
TCORR =Calibration Factor (sensor rise)/(hot spot

Tise)

The traction motor current limit value, LIMIT, cal-
culated in accordance with Equation (1) is a direct
function of the winding sensor temperature rise above
the alternator ambient air temperature. Larger values of
sensor temperature rise give smaller values for the cur-
rent himit. The calculated traction motor current limit
value varies as the overload progresses due to the fact
that 1t 1s continuously calculated during the operation of
the thermal overload protection system 12. When the
calculated traction motor current limit and sensed cur-
rent values coincide, the alternator load reduction be-
gins.

The thermal overload protection system and method
of the present invention will provide protection against
thermal overloads to the locomotive traction alternator.
‘The system and method utilize stator winding tempera-
ture information obtained from an embedded sensor. In
a preferred embodiment of the present invention, the
system and method are executed by the locomotive
on-board microcomputers. The effect on the propulsion
system due to the execution of the system and method is
a smooth and gradual reduction in the alternator electri-
cal load to a new value which simultaneously limits the
winding temperature to a predetermined value, without
any abrupt change or total loss of locomotive tractive
effort. The alternator is not disconnected from its load
and the system and method of the present invention
bring the propulsion system to a safe operating condi-
tion consistent with a preset operating temperature
Iimit, without requiring any human intervention.

The present invention provides for a system and a
method of thermal overload protection and prevents

. harmful transient thermal overloads which can cause

alternator failure or drastically reduce its insulation life.
An additional benefit of the present invention is that it
gradually and smoothly reduces the prime mover, or
diesel engine, load. Such action avoids the excessive
transient production of engine smoke. Engine transient
overspeed as would occur with sudden loss or abrupt
reduction in load is also avoided. Finally, human opera-
tor intervention 1s not required at any stage of the pro-
tection function or during the recovery from the over-
load incident.

Having described the invention in detail and by refer-
ence to the preferred embodiment thereof, it will be
apparent that other modifications and variations are
possible without departing from the scope of the inven-
tion defined in the appended claims.

What 1s claimed 1s:

1. A thermal overload protection control method for
a locomotive having an alternator, the method compris-
ing the steps of:

(a) providing a sensor temperature;

(b) sensing ambient inlet air temperature to the alter-

nator;

(c) calculating a traction motor current limit to gener-

ate a calculated traction motor current limit value,
including the steps of,
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1. dividing a difference between the stator winding
sensor temperature and the alternator ambient
alr temperature by a calibration factor to gener-
ate a first value,

ii. summing the first value and the alternator ambi-
ent air temperature to generate a second value,

iii. multiplying the second value and a constant

related to a time rate of load reduction to gener-

ate a third value, and
iv. substracting the third value from a constant
related to a maximum permissible winding tem-
perature to generate a fourth value which is
indicative of the calculated traction motor cur-
rent limit value; and
(d) controlling thermal overload in response to the
calculated traction motor current limit value.
2. A thermal overload protection control method as
claimed in claim 1 wherein the step of controlling the

thermal overload further comprises the step of automat-

ically adjusting the alternator field current so that the
sensed traction motor current 1s equal to the calculated
traction motor current limit value.

3. A thermal protection overload method as claimed
in claim 1 further comprising the steps of:

(a) sensing an existing traction motor current value;

and

(b) comparing the calculated traction motor current
limit value to the existing traction motor current
value.

4. A thermal protection overload method as claimed
in claim 1 wherein the step of providing a sensor tem-
perature further comprises the step of using an alterna-
tor stator winding embedded temperature sensor.

5. A thermal overload protection system for a loco-
motive having an alternator comprising:

(a) means for providing a sensor temperature;

(b) means for sensing ambient inlet air temperature to

the alternator;

(c) means for calculating a traction motor current
limit to generate a calculated traction motor cur-
rent limit value, including,

1. means for dividing a difference between thie sen-
sor temperature and the alternator ambient air
temperature by a calibration factor to generate a
first value,

ii. means for summing the first value and the alter-
nator ambient air temperature to generate a sec-
ond value,
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iii. means for, multiplying the second value and a
constant related to a time rate of load reduction
to generate a third value, and

iv. means for subtracting the third value from a
constant related to a maximum permissible wind-
ing temperature to generate a fourth value which
is indicative of the calculated traction motor
current limit value; and

(d) means for controlling thermal overload in re-

sponse to the calculated traction motor current

limit value. |

6. A thermal protection overload system as claimed
in claim § further comprising:

(a) means for sensing an existing traction motor cur-

rent value; and

(b) means for comparing the calculated traction

motor current limit value to the existing traction

motor current value.

7. A thermal protection overload system as claimed
in claim 5§ wherein the means for sensing ambient inlet
air temperature comprises a winding temperature sen-
SOT.

8. A thermal protection overload system as claimed
in claim § wherein the means for providing a sensor
temperature comprises an alternator stator winding
embedded temperature sensor.

9. A thermal protection overload system as claimed
in claim 6 wherein the means for calculating a traction
motor current limit comprises a continuous calculation.

10. A thermal protection overload system as claimed
in claim 9 wherein the continuous calculation comprises
means for generating a compared value based on the
means for comparing the calculated traction motor
current limit value to the existing traction motor cur-
rent value.

11. A thermal protection overload system as claimed
in claim 10 wherein the means for controlling thermal
overload further comprises means for adjusting an alter-
nator field current in response to the compared value.

12. A thermal overload protection system as claimed
in claim 11 wherein the means for adjusting an alterna-
tor field current causes the calculated traction motor
current limit value to be equal to the existing traction
motor current value.

13. A thermal protection overload system as claimed
in claim 6 wherein the means for sensing an existing
traction motor current value comprises a dc current

shunt.
% % XK ¥ ¥
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